The uptake and handling of Vibrio salrnonicida in phagocytes of the head kidney of Atlantic salmon (Salmo salar L.) were evaluated by light and electron microscopy, including in situ identification of the bacterium by immunolabeling at the light microscopical and the ultrastructural level. Fish were injected with live bacteria, and 4, 24, 48, and 72 hours after inoculation, samples were collected after perfusion fixation. Morphologically, the most prominent change in the course of the experiment was an increasing number of intrasinusoidal, endothelial cell-adherent phagocytes and the elevated number of interstitial melanomacrophages. Immunohistochemically, bacterial antigens were initially identified in intrasinusoidal phagocytes, and at 24 hours postinfection in endothelium-adherent phagocytes and intrasinusoidal melanomacrophages. Later, (48 and 72 hours postinfection), the interstitial melanomacrophages were also found to harbor bacterial antigen. Ultrastructurally, bacteria were identified in phagosomes in intrasinusoidal phagocytes, and morphological findings also indicated an increased cellular degradation, including autophagocytosis. Immunoelectron microscopy indicated that bacterial antigens were associated with melanomacrophages, specifically in their electron-dense cytoplasmic granules. These findings indicate that intrasinusoidal phagocytes and melanomacrophages participate in the rapid and active clearance of particulate material from the circulation, i.e., pathogenic microorganisms, and in the scavenging of cellular degradation products. The process of formation of melanomacrophages and their possible function is discussed.
The fish pathogen Vibrio salrnonicida is the causative agent of Hitra disease, or cold-water vibriosis, in Atlantic salmon (Salrno salar L.), a disease that accounted for large economic losses in Norwegian fish farms from the late 1970s until the mid 1980s. Initially, no causative agent was identified, and the disease was referred to as haemorrhagic s y n d r~m e ,~~~~* because major pathologic changes in late stages were characterized by extensive haemorrhages. In subsequent discussions, the etiology of the disease was a matter of dispute. A nutritional deficiency was suggested based on histopathologic e x a m i n a t i o n~~~,~ and clinical chemical analyses,31 with changes compatible with vitamin E/selenium deficiency syndromes in mammals. Other reports postulated an infectious etiology founded on the isolation of a Vibrio-like bacterium from moribund and diseased fish.
Moreover, infection studies with the isolated bacteria successfully reproduced the dise a~e .~,~~ Today, vaccination of fish with formalin-inactivated Vibrio salrnonicida is highly effective and provides very high protection against the d i s e a~e ,~,~~,~~ although a recent study reported time-related declining protection after vaccination in the northern parts of Norway. 26 The h i s t o l o g i~~~~~~ and few u l t r a s t r~c t u r a l~~,~~ studies of morphologic changes in Atlantic salmon during the development of cold-water vibriosis have generally been focused on the changes in heart, muscle, swim bladder, intestine, and liver. A retrospective immunohistochemical study identified Vibrio salrnonicida antigen in stored tissues from the first known outbreaks of cold-water vibriosis in Norway and a positive antigen reaction was pronounced within phagocytic cells of the kidney and spleen.16 Several studies have highlighted the importance of the kidney in trapping tracer particles injected into fish by various routes. 18~19, 27 This ability can at least partly be explained by the fact that fixed macrophages of the reticuloendothelial system are present within both anterior and posterior kidney of teleosts. 13,18,28, 40 Moreover, the vascular arrangement of the salmonid kidney with two distinct blood supplies, the renal arteries and the renal portal system, may also facilitate the entry of microbes into the kidney tissue.
Pigmented macrophages, melanomacrophages (MM), occur characteristically as aggregates or melanomacrophage centers (MMC) in the hematopoietic tissue of the kidney, spleen, and liver of t e l e o~t s .~-~~" ,~~,~~ In salmonids, the morphology of the MMC is less defined, and the MM are distributed at random throughout the interstitial hematopoietic t i s~u e .~,~~ Although their origin and function are o b s c~r e ,~,~~,~~ MM seem t o be involved in pathologic and inflammatory conditions. I 1, 28, 29, 30, 33, 38, 39 T h e ultrastructure of MMC has not been well studied, but an antigen-trapping function has been suggested based on light microscopic observ a t i o n~.~.~~ Further, suggestions have been made that MMC are the primitive counterpart to mammalian germinal centers. 1,3~17, 33 The proposed analogy is also appealing from a phylogenetic and functional viewpoint, but a decisive answer must await further experiments.
The objectives of the present study were to identify the cells of the head kidney of Atlantic salmon involved in the uptake and handling of intravenously injected Vibrio salmonicida and to localize sequestered bacteria with immunolabeling techniques.
Material and Methods

Fish and rearing conditions
Nonvaccinated Atlantic salmon of both sexes and with no previous report of disease were included in this study. The fish, 750-950 g, were fed a standard commercial diet and kept in 500-liter tanks supplied with fresh sea water, at 3.5% salinity and 7-10 C, 2 months before and during the experimental period.
Infection trial
Vibrio salmonicida (NCMB 2262) was grown on blood agar plates containing 2% NaCl for 3 days. Colonies were then transferred to brain-heart infusion (BHI) broth (Difco) containing 2% NaCl and incubated on a orbital shaker at 15 C for 24 hours. The BHI broth was centrifuged at 670 x g for 10 minutes, and the bacteria were washed, resuspended in phosphate-buffered saline (PBS), and stirred to dissolve aggregates. The bacterial concentration was adjusted spectrophotometrically to 5 x lo9 colony-forming unitdm1 controlled by serial dilutions and culturing on blood agar plates containing 2% NaCI. Each fish was anesthetized (0.3% aqueous solution of chlorobutanol), and 0.2 ml of bacterial suspension was injected intravenously in the tail vein. Control fish were handled according to the same procedure but injected with saline.
Bacteriologic examination and tissue sampling
At 4, 24, 48, and 72 hours after inoculation of bacteria, five fish were anesthetized, and a blood sample was taken from the dorsal aorta for bacteriologic examination. Blood samples from five control fish were collected as above 24 hours after injection. Samples with no bacterial growth after primary inoculation in BHI broth for 3 days and secondary seeding on blood agar plates for 4 days were regarded as negative. After blood sampling, the fish was killed by a blow to the head, and in situ fixation by arterial retrograde wholebody perfusion was performed as previously de~cribed'~ with minor modifications. The caudal peduncle was cut transversely caudal to the adipose fin, and a plastic cannula, 1 .OO mm diameter (VenflonB, Viggo AB, Helsingborg, Sweden) was inserted in the dorsal aorta. Chilled (4-6 C) phosphate buffer (0.1 M, pH 7.2) was administered through the cannula and through the arteries branching from the dorsal aorta until the whole body was perfused. The first gill arch was cut to increase the flow and to allow the perfusate to escape. After approximately 3 minutes, when the perfusate became clear and almost free from erythrocytes, a fixative solution (three fish with 10% formalin for light microscopy and two fish with 3% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2, for electron microscopy) was administered for 5 minutes. Slices of the head kidney were then dissected out and transferred to excessive volumes of the corresponding fixative solution.
Tissue processing for immunohistochemistry
Tissue pieces (blocks of approximately 0.5 cm3) were stored in 10% formalin for approximately 48 hours, dehydrated via a graded alcohol-xylene series, embedded in paraffin wax, and sectioned at 5-6 pm. The sections were deparaffinized at 58-59 C for 30 minutes, washed in two xylene baths, and rehydrated through a series of graded ethanols (loo%, 96%, 70%). Thereafter, sections were incubated with PBS supplemented with 5% bovine serum albumin (BSA) for 20 minutes to quench free aldehyde groups and reduce the nonspecific binding of antibodies. The immunohistochemical procedure was performed according to the alkaline phosphatase antialkaline phosphatase (APAAP) method.* A monoclonal antibody against V. salmonicida (Mab 7F3, 2 pg/rnl)l4 was applied to the sections, followed by a rabbit anti-mouse antibody (DAKO) diluted 1 : 25 and APAAP-complex (DAKO) diluted 1 : 50. The last two steps were repeated, and a positive reaction was visualized using naphthol AS-MX (3-hydroxy-2-naphtoic acid 2,4-dimethylanilide) phosphate as substrate (Sigma) and fast red TR salt (5-chloro-2-methyl-benzenediazonium hemi [zinc chloridelsalt (Sigma)) as coupling salt. Endogenous alkaline phosphatase activity was blocked by including levamisole (1 mM; Sigma) in the substrate solution. All incubation steps were performed in a humidified chamber at room temperature for 30 minutes. Sections from control fish were incubated according to the same procedure, and control sections from infected fish were incubated with a heterologous antibody of identical isotype in the first step. In addition, organ samples from positive control fish (Atlantic salmon collected during an infection experiment with V. salmonicida carried out in 1989) were included.I6 All sections were counterstained with Mayer's haematoxylin.
Tissue processing for scanning electron microscopy
Perfiusion-fixed head kidney samples were postfixed in 2% OsO, in 0.1 M cacodylate buffer, pH 7.2, for 4.5 hours at room temperature. The extended postfixation time increased the tissue fragility and made it possible to fracture the samples with a forceps at room t e m p e r a t~r e .~~ Fractured speci-mens were dehydrated in a graded series of ethanol solutions and critical point dried (Balzers CPD 020, Balzers Union Ltd., Liechtenstein) in liquid carbon dioxide. Dried pieces of tissue were mounted on aluminum stubs with silver conductive paint (Ladd Research Industries, Burlington, VT), sputtered with pure gold (Polaron@ E5 100, Polaron Equipment Ltd., Watford, Hertfordshire, UK), and examined in a scanning electron microscope (Cambridge Instruments Stereoscan 90).
Tissue processing for transmission electron microscopy
Perfusion-fixed samples from head kidney were trimmed into 1-mm3 cubes and postfixed in 2% OsO, in 0.1 M cacodylate buffer, pH 7.2, for 2 hours, dehydrated, and embedded in LX-1 12 Resin (Ladd Research Industries). Semithin sections (1 pm) were stained with toluidine mounted on glass slides, and examined by light microscopy. Selected areas were cut with diamond knives and mounted on naked copper grids. Specimens with or without double contrast (uranyl acetate and lead citrate) were examined and photographed in a JEOL 100 S electron microscope.
Immunogold labeling for transmission electron microscopy
Unstained sections were transferred to copper grids and incubated with PBS supplemented with 5% BSA for 20 minutes to reduce the nonspecific binding of antibodies. Grids were then incubated with primary antibody (7F3, 100 pgl ml)I4 and transferred to a secondary gold-labeled goat antimouse antibody solution, with particle size 5 or 30 nm (Amersham), diluted 1 : 20. All incubation steps were performed in a humidified atmosphere at room temperature for 30 minutes, and grids were washed three times in PBS between the labeling steps. After immunolabeling, the grids were examined before and after contrasting with uranyl acetate and lead citrate. Performance controls included incubation with sections from infected fish with a heterologous antibody of identical isotype instead of 7F3 in the first step. A signal : noise ratio was also calculated by comparing the number of gold particles in randomly selected areas of sections labeled with specific primary monoclonal antibody (Mab 7F3) with the number in randomly selected areas of sections labeled with heterologous primary antibody.
Results
Bacteriologic examination
Blood samples taken from the fish prior to the in situ fixation were all seeded directly on blood agar plates and also diluted 1 : 100 and incubated in BHI broth with secondary seeding on blood agar plates. A pure culture of K salmonicida was isolated after primary isolation from infected fish, and no bacteria were isolated from control fish even after secondary seeding from BHI broth.
Immunohistochemistry
Sections from positive control fish demonstrated an immense red intra-and extracellular coloring, confirm-ing the presence of V. salmonicida antigen. Infection with K salmonicida had previously been identified by enzyme-linked immunosorbent assay, immunohistochemistry, and bacteriologic examination. l6 In sections of head kidney from negative control fish labeled with specific antibodies (7F3) or sections from infected fish labeled with heterologous primary antibodies, no bacterial antigen was detected. Sections from negative control fish revealed few cells in sinusoids, and those present were mainly adherent to the endothelium. Numerous MM were scattered throughout the interstitial tissue, and samples collected from the latest time in the experiment contained more pigment than did samples collected earlier or from controls (Fig. 1 ). In the control fish, the head kidney sinusoidal endothelium was continuous and the interstitial MM harbored many brown-black granules (Fig. 2) .
Head kidney samples collected 4 hours after bacterial inoculation revealed scattered mononuclear cells in the sinusoids with a faint red intracytoplasmatic staining, but single bacteria or bacteria-like structures were not identified.
At 24 hours postinoculation, the number of cells located in the sinusoids was higher in infected fish than in control samples. These cells were mainly mononuclear cells and were frequently associated with the endothelial lining. They had a swollen appearance, with increased cytoplasm, and were conspicuous by virtue of the amount of intracytoplasmatic, positively stained bacteria/bacterial products they contained (Fig. 3) . Sporadically, antigen-positive intrasinusoidal cells also harbored brown-black pigment, and infrequently the endothelial lining and interstitial MM had a faint and diffuse positive cytoplasmic staining ( Fig. 3) .
At 48 hours postinoculation, there was also increased staining in interstitial MM and the sinusoidal macrophages were replete with bacteria/bacterial products ( Fig. 4) .
Head ludney sections from fish euthanatized in a moribund condition 72 hours after bacterial inoculation demonstrated an interrupted sinusoidal outline and single cell necrosis of the endothelium. There was a strong intracellular staining, both in cells located in the sinusoids and in the interstitial tissue. The number of stained M M was high, and the diffuse extracelluar staining was more pronounced than in samples from earlier in the experiment (data not shown).
Scanning electron microscopy
Specimens from control fish revealed a continuous endothelial lining in both larger vessels and sinusoids, with the nuclei of the endothelial cells projecting into the lumen (Fig. 5) . Only a few endothelium-adherent cells were detected.
Samples collected 4 hours postinoculation revealed a swollen endothelium with prominent nuclei. The number of intravascular endothelium-adherent cells was higher, and they were most numerous in small vessels and sinusoids (Fig. 6 ). Their surface traits were recognized as membrane folds, wedges, and lamellipodia ( Fig. 6) . At 24 and 48 hours postinoculation, certain areas of large and medium-sized vessels were covered with numerous endothelium-adherent cells, frequently with an intimate contact with the underlying endothelial cells; other cells were rounded, with surface wedges. Samples taken from moribund fish at 72 hours post-inoculation revealed numerous short or slightly curved rods on the surface of endothelial cells and on cells adherent to the endothelium. In such areas, cell-disintegration was more prominent than in samples from controls and from affected fish at earlier times (Fig. 7) .
Transmission electron microscopy
Control fish had sinusoids with endothelial cells on a poorly defined base without a distinct basement membrane (Fig. 8) . In the parenchyma, there were scattered cells with a random, irregular distribution containing numerous membrane-bound electron-dense structures and an eccentric nucleus located close to the cytoplasmic membrane (Fig. 8) . These granules were also identified as distinct electron-dense structures in uncontrasted specimens and were located in the cells identified as MM by light microscopy. Few cells were located inside the sinusoids, and those present were found closely apposed to ( Fig. 8) and also interdigitating with the plasmalemma of the endothelial cells. The endothelial cells had elongated nuclei and a prominent cytoplasm with vacuoles, pinocytic vesicles, and a large number of tubular wormlike structures (Fig. 8) . Moreover, the endothelium had a high pinocytotic activity, with numerous small vacuoles apparently developed by invaginations of the plasma membrane and multiple larger vacuoles generated by the marginal fusing of thin surface folds or filopodia projecting from the endothelium into the sinusoids.
Four hours after bacterial inoculation, areas of the sinusoidal endothelium had a swollen cytoplasm, containing large, moderately electron-dense vacuoles (Fig.   9 ). In the sinusoids, cells with pleomorphic phagosomes were frequently seen, with phagocytized bacteria (Fig. 10 ). Bacteria were identified in phagocytes, but none were seen free or within endothelial cells (Fig.  10) . The number and size of cells associated with the endothelium had increased over these in control samples, and cells migrating through the endothelium, probably mostly into the interstitium, were also identified.
At 24 hours postinoculation, most of the phagocytic cells had a displaced nucleus and harbored many heterogenous phagosomes but few lysosomes and mitochondria and an increasing number of distinct electron-dense granules (Fig. 11) . Inside phagosomes were uni-or multicentric, multilamellated structures. These myelin-like bodies had an increasing electron density that was most prominent at their pole with condensed lamellas (Fig. 1 l) , and some were also approaching the appearance of the electron-dense granules (Fig. 11) .
Samples taken 48 hours after bacterial inoculation revealed sinusoidal phagocytes with few typical lysosomes. However, many small vesicles with moderate electron density were located near the Golgi complex or close to the phagosomes (Fig. 12) . Scattered phagocytes in the sinusoids had also engulfed degenerated cells (not shown), and some larger phagosomes had multiple invaginations of the ensheating membrane and channellike structures inside them, creating a tunnelled appearance as described in erythrophagolysosomes. The amount of intracellular multilamellated bodies located in cells with numerous electron-dense granules was greater than that of samples collected earlier. A few mitotic figures were seen in the sinusoids, but the origin of these cells was not identified. Seventy-two hours after inoculation, numerous bacteria were identified both extra-and intracellularly in the sinusoids and in the parenchyma. A prominent feature of the phagocytic cells was mitochondria with C-, 0-, or U-shaped profiles. These structures probably represent sections through cup-or bell-shaped mitochondria (not shown).
Immunogold labeling for transmission electron microscopy
The gold particles were easily identified as distinct homogenous electron-dense structures associated with the outer membrane of single bacteria (Fig. 13) . The use of antibodies conjugated with smaller gold particles ( 5 nm) required higher magnification to identify the gold particles but produced distinct labeling of the bacterial membrane (Fig. 14) . At 48 hours postinoculation, intact bacteria were located in intrasinusoidal phagocytes with immunogold labeling of the bacterial outer membrane (Fig. 15 ). In addition, several of these phagocytes had an intense immunogold labeling inside membrane-bound structures harboring multilamellated bodies and electron-dense granules, probably representing phagosomes (Fig. 15 ). Some of the single electron-dense granules located in interstitial phagocytes and in the scattered MM in the interstitium had distinct immunogold labeling but without any prominent or easily identifiable bacterial structures (Figs.   16, 17) . Because of the high electron density of the granules inside MM, the recognition of gold particles associated with these structures was difficult and hampered the visualization of the labeling (Figs. 16, 17) .
The performance control resulted in a signal : noise ratio ranging from 35 : 1 to 50 : 1 when comparing sections from infected fish labeled with specific antibodies with sections labeled with heterologous antibodies.
Discussion
The present study demonstrates the rapid and active uptake of live bacteria by phagocytes associated with the endothelial lining of the sinusoids in the head kidney of Atlantic salmon. Bacterial antigens were traced both by immunohistochemistry and immunogold techniques and were initially identified in phagocytes located in the sinusoids and subsequently associated with MM in the interstitial hematopoietic tissue of the head kidney. The postembedding immunogold labeling also identified the subcellular location of bacterial antigen within phagosomes and was associated with electron-dense granules of MM.
Perfusion fixation aids the interpretation of the complex histologic appearance of the kidney tissue of Atlantic salmon. However, it may be argued that perfusion fixation, in contrast to immersion, removes cells that are not firmly attached to the endothelium. This fact probably explains the elevated number of intrasinusoidal cells observed and the increased intimacy between the phagocytes and the endothelium, which is thought to precede the migration of cells into the interstitial tissue. Furthermore, the increased number of sinusoidal endothelium-adherent cells is probably mostly caused by recruitment from circulating monocytes, but a local proliferation of cells, as the intrasinusoidal mitotic figures we observed may indicate, might also contribute somewhat to this event. The observation of scattered mitotic figures concurs with previous observationsZ8 after intraperitoneal injection of colloidal carbon into cunners (Tautogolabrus adspersus) but is in contrast to observations of rainbow trout (Oncorhynchus mykiss R.) injected with heatkilled Salmonella pullorum.
The nature of MM in MMC has long been a matter of investigation, but still there are questions as to their origin and f~n c t i o n .~,~~,~~ The most common pigments found in piscine MMC, ceroid and lipopigments,2 are thought to be oxidized products of polyunsaturated lipid^.^' The high levels of these lipids and the relative low levels of vitamin E in fish may also contribute to an increased propensity for lipid peroxidation3 and thus the generation of lipopigments.2 By this mechanism, pigment granules could also originate from the normal cellular turnover, and in accordance with this notion, an age-dependent pigment deposition and accumulation of MM have also been shown in fish.4 Pigment generation and deposition might thus be enhanced during conditions with increased cellular degradation, a view shared by other authors who have large phagosomes and numerous electron-dense granules. Note multilamellated bodies inside phagosomes (arrows) with increasing electron density at the pole with condensing lamellae. Bar = 2 pm. Numerous small vesicles (arrowheads) with moderate electron density orginate from the Golgi complex and fuse with a phagosome (asterisk), which contains dense granular material. Bar = 0.5 pm.
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Transmission electron micrographs. Head kidney; Atlantic salmon. Fish were infected with Vibrio salmonicida and perfusion fixed. After embedment, bacterial antigen was immunogold labeled. studied the MM in fish during an inflammatory re-~p o n s e .~~ Bell-shaped mitochondria, as demonstrated late in this study, have been seen in other ultrastructural studies in fish and may precede the formation of myelin figures or multimembranous bodies that transform into pigment granules of lipofuscin in MMC.3 Nevertheless, the relation between myelin figures and electron-dense granules is uncertain, but as shown here, the membrane-bound multilamellated bodies exhibited areas ofvariable electron density and in some areas the density was comparable to that seen in typical electron-dense bodies. These findings point to a possible relationship between these organelles.
Electron-dense granules were also observed in the vicinity of or within phagosomes with no apparently initial multilamellar stage. The significance of these findings is uncertain, but it has been proposed that the tyrosine-derived pigment is needed for neutralizing the activity of the free radicals formed during lipid peroxidation ~e a c t i o n .~,~,~~ Further, the increased number of pigment-containing macrophages in the kidney interstitium in the course of the infection might indicate an activation-associated mechanism. Future studies should focus on these aspects of MM functions.
In the present study, bacterial antigens were initially identified by immunohistochemistry in sinusoidal phagocytes and later were also associated with interstitial pigmented macrophages. These observations concur with those in previous studies at the light microscopic level, which have shown that circulating Salmonella organisms, carbon particles, and hemosiderin concentrate in MMC. 28, 35 It has been proposed that MMC are aggregations of sinusoidal macrophages that have ingested foreign material or cell debris and subsequently migrated into the hematopoietic t i s s~e s .~~,~~ This study, which included immunoelectron microscopy, revealed bacterial antigens within electron-dense granules of sinusoidal phagocytes and interstitial MM.
In these subcellular compartments, no intact bacterial structures were observed, in contrast to the immunogold-labeled bacteria located extracellularly or in early phagosomes. Because the monoclonal antibody used in this study identifies an epitope on the lipopolysaccaride (LPS) moiety of V. salmonicida, the positive reaction in lamellar structures might indicate the presence of remnants of the bacterial wall. Immunohistochemical identification of bacterial antigen in structures with no morphologic resemblance to bacteria points to a further degradation of the bacterial components. These findings concur with previous observations on in vitro uptake and degradation of V. salmonicida in macrophage culture, showing a positive reaction in macrophages at a time (72 hours postinfection) when no intact bacteria were present.I5 Thus, it seems that the LPS structure of V. salmonicida is not easily degraded in salmon macrophages.
Several authors have speculated that MMC in fish are functionally an analogue to the germinal centers of lymph nodes in mammals and b i r d s , I~~J~,~~ and the increasing level of complexity of MMC and their increasing proclivity for location within the main lymphoid organs have been correlated with the evolution of the lymphoid system.' A rapid migration of phagocytic cells from the sinusoidal lumen into the interstitium of fish kidney has also been demonstrated prev i o~s l y ,~* ,~* and antigen trapping within MMC of fish is supported by histochemical and immunohistochemical ~t u d i e s .~~,~~ In the head kidney of carp (Cyprinus carpio L.), accumulations of pigmented cells and antibody (pyroninophilic cells) were demonstrated during a secondary response,33 and in plaice (Pleuronectes platessa L.) small metabolically active lymphocytes were observed migrating through the MMC.I2 These observations may indicate that MMC provides suitable sites where circulating lymphocytes are influenced by immune complexes in a similar way as within mammalian germinal centers, and in one way or another MM seem to be involved in the retention of antigens.
Melanomacrophages in the head kidney of Atlantic salmon are at least partly aggregates of former sinusoidal macrophages that have ingested material of exogenous and endogenous origin. But their relation to the immune system, over and above antigen retention, needs further investigation. c postinoculation (p.i.). Immunogold labeling with 30-nm colloidal gold particles revealed intrasinusoidal unfragmented bacteria with distinct membrane labeling. Bar = 0.1 fim. Fig. 14. Infected fish, 72 hours p.i. Immunogold labelling with 5-nm colloidal gold particles revealed intrasinusoidal unfragmented bacteria with immense membrane labeling. Bar = 0.1 pm. Fig. 15 . Infected fish, 48 hours p.i. Immunogold labeling with 30-nm colloidal gold particles revealed intrasinusoidal phagocyte with intracellular unfragmented bacteria with membrane labeling at the top. Note labeling of multilamellated structures (arrows) and electron-dense granules (arrowheads) inside a phagosome. Bar = 0.25 pm. Fig. 16 . Infected fish, 72 hours p.i. Immunogold labeling with 30-nm gold particles revealed intracellular granules in interstitial melanomacrophages. The electron dense nature of these granules hampered the identification of gold particles with normal photocopying procedure. Bar = 0.25 pm. Fig. 17 . The same field as in Fig. 16 with reduced exposure time, enhancing the identification of gold particles inside electron-dense granules. Bar = 0.25 pm.
